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spikes were incorporated into the analytical program at the University

of Missourl-Rolla (Ut'R) and the ETSRC to validate analytical results

1 IV STUDY AREA

The study area selected for this investigation is comprised of the

Leadwood. B1g River. Desloge, Elvins, National and Bonne Terre tailings

piles within the confines of the Old Lead Belt in St Francois County,

Missouri The Old Lead Belt is located about 113 km (70 mi) south of

St Louis. Missouri and contains the cities of Bonneterre, Leadwood.

Elvins, Desloge, and Flat River Tins old mining region covers an

area of approximately 285 sq km (110 sq mi) and is bordered by latitudes

38°00' and 37°49'5" end by longitudes 90°37'30" and 90°28'45"

According to a report submitted by Heyward M Uharton to the St

Joe Minerals Corporation on 28 October 1983 (6) the acreage affected by

inactive lead-zinc mining in the 'Old Lead Belt' represented 3085 acres

as contrasted with the 1822 presently impacted by active or development

mining operations in the "Viburnum Trend " Figure 1 provides a visual

perspective of the area including its location with respect to major

cities in Missouri

The topography consists of gently rolling hills with narrow table-

lands areas and alluvial plains comprise most of the topography in the

Old Lead Belt, with the exception of the extreme southwestern portions

of St Francois County* which is mountainous (7) Hickory, elm, and

sycamore trees compliment the lov/land stream areas, while red, white

and black oaks are abundant in the upland areas (8)

The climate of this region usually consists of warm, humid summers,

and mild winters Extremes of -30°F (-34°C) and 115°F (46°C) have been
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recorded, but are not common to the aria Annual rainfall averages

generally total about 40 inches (9)

Galena, the most important mineral ore or lead, was the principle
4

ore mined within the Old Lead Belt of Missouri (10,11) Normal thick-

ness of this mineralization varied from a few inches to about 6 1 m

(20 ft ) These ore deposits were horizontal, concentrated along flat

shale bands or other easily permeated plains, and found in the Bonne

Terre dolemite with thicknesses of nearly 131 m (400 ft) The La Motte

sandstone, with thicknesses up to 400 feet, underlies this dolemite,

while shale and siliceous dolemite, in thicknesses up to 152 n (500 ft)

is found above it
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waters The tv/o notable exceptions \crc 1) a sample of water tnlen

directly from a pipe from an old drill hole (59 ppb) some distance

upstream of the eroded break in the Desloge tailings pile, and b)
«

a sample taken from the Big River at the junction with sewage pffluent

from the Desloge-Flat River city sewage treatment plant (54 ppb)

Sampling transects were designed to take the most representative

samples of tailings (or chat) material from the unweathered portion

(depth of 20 cm) of the piles in sufficient numbers to meet the

Missouri DNR statistical program discussed in the methods sect on of

the report and included in the Appendix Sampling locations were

roted by nurrber on the appropriate tailings figures and followed by

tables giving the metal values for Pb, Cd, and Zn
^
The iiational tailings pile was the jubject of a M S thesis by

Elliott (15) and only the pertinent findings are discussed in this

report However, a copy or Elliott's thesis (15) will accompany the

report as a part of the reseatch evaluation

Individual tailings or chat piles are discussed according to
•

characterization by sampling data A statistical analysis and evaluation

of the different tailings piles is included at the end of this section

of the report

A Leadwood

A series of transects were established for the Leadwood tailings

and chat pile located along the eastern border of the town of Leadwood,

Missouri and extending slightly to the south of town Figure 5 illustrates

the samples numbering for the 98 samples taken at near-surface unweathered
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materials Table I indicates the metal Lonccnttations frr Pb, Id, and

In in nncrograms per gram (parts pe» million) by sample number

Jiince the U S Department of the Interior Bureau of limes was

performing a research study associated with tailings deposits in the

"Old Lead Belt", a cooperative effort was worked out with their research

people whereby the near surface sampling results would be shared with

them in return for the Bureau of Mines coring down to the bottom of

the Leadwood and National tailings piles Mr Larry George, Glynn

Horter and Scot Lay assisted with the coring procedure and Figure 6

illustrates the location of the hand augered samples (two-to-four

foot depth) and the drill hole locations which extended to twelve

feetjat one location and twenty four feet at a second location to

reach bedrock under the Leadwood tailings pile Table 2 gives the

Pb, Cd, and Zn concentrations associated with the hand augered

samples and the two coring drill holes (Courtesy of the Bureau of

Mines) Table 3 gives the inductive coupled argon plasma (ICAP)

analysis for the core samples at site R-l down to 24 ft ana Table

4 gives the ICAP data for the core samples at site R-2 down to 12

ft or bedrock

The highest lead values found for the Leadwood tailings pile

were 17,000 micrograms per gram which came from a site close to the

earthen dam at the north-eastern portion of the area The next highest

sample of 13,800 ppm came from the center of the excavated pit on the

south side of ..he main pile Shallow hand augered samples did not«
show a significant change in composition down to a depth of four feet
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(cOiui irn)
TABI C - 1LFApi'ooo TAILING: PILE

Scmple
No

L755
L7L5
L75S
L759
L760 ——
1761
1762
L763
L764
L765 ——
1766
L767
L768
L769
1770 ——
L771
L772
L773
L774
L775 ——
L776
L777
L778
L779
L780 ——
L781
L7E2
L783
I?b4

1787
L788
L789
L790
L791 ——
L792
L793

L795
t ^ t fi

L79C
LEOC
LF01

1 prr ———k. Wt* «rf

I ctal
Pb

1170
1900
1950

—— 920 ———
10LO
1880
1430
1670

—— 736 ———
3420
!>97
3290
1330

1300
22cO
788

1120
——— 916 ——

2600
909

1140
1130

—— 2640 ———
2550
7470
4320
3490

—— 1120 ———
1250
934
615

1640
—— 3770 ———

5560
1270
3100

10100
1380
1360
1710

£230
... 1 "50 A*)

1440

Cone, ug/g
Cd

1230
1350
995
1120

45 D .......
625
P58

1200
856

— 1010 • —
20 4
306
20 3
372

— in —
15 9
77 2
31 1
44 3

—— 46 7 ——
37 9
85 0
56 3
55 6

249
220
162
153

—— 37 3 ——
67 2
46 9
9 3
77 3
tO K

78 7
70 2
84 6
456

—— 47 2 ——
46 7
PO 5
76 4

278
i. L^4 ""•"

69 2

7n

6060
7060
C460

— 2480
3520
4390
6730
4480

— 5570
1710
1250
1430
1660
•̂  * ** «— 34?0
987
4050
1280
2210

— 2240
1710
4250
3010
2780

— 8610
14600
13600
9180
8460

— 1960
3660
2530
633
4050

— 4220
521/1
J980
s720

25EOO
— 2460

2610
4790
3°10
U800

3930
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TABLE 2
AUGER AND CORE SAMPLING OF

LEADWOOD TAILINGS PILE (Courtesy Bureau of (lines)

Sample No

Surface
LW 5-7
LU 8-10
LW 11-13

Auqered - Surface - two

LW 1 -Surface
LW 1-2 ft
LW 1-4 ft
LW 2-Surface
LW 2-2 ft
LW 2-4 ft
LW 3-Surface
LW 3-2 ft
LW 3-4 ft
LW 4-Surface
LW 4-2 ft
LW 4-4 ft
LW 5-Surface
LU 5-2 ft
LW 5-4 ft
LW 7-Surface
LW 7-2 ft
LW 7-4 ft
LW 8-Surface
LW 8-2 ft
LW 8-4 ft
LW 9-Surface
LW 9-2 ft
LW 9-4 ft
LW 10-Surface
LW 10-2 ft
LW 10-4 ft
LW 11-Surface
LW 11-2 ft
LW 11-4 ft

Pb

2200
2167
2350

- four foot

1300
600
700
1600
2000
2500
600
1200
700
1500
3200
4000
2000
2400
2800
1400
1200
1500
1400
1500
1600
1500
1500
1500
1300
1000
1900
2600
1100
1000

Metal Cone
^ Cd

40
37
35

depth

40
40
30
40
40
40
30
40
30
80
80
100
130
100
110
110
90
70
50
80
80
90
100
120
40
40
60
50
60
60

ug/g
LT\

833
800
500

1000
400
300
1200
1100
1300
400
1000aoo
1300
1300
1800
1800
1700
1400
1000
1300
1400
1000
1100
1200
1200
1000
1300
1000
1000
1600
1200
1700
1400
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TABLE 2 (Cont )
AUGER AND CORE SAMPLING OF

LEADWOOD TAILINGS PILE (Courtesy Bureau of Mines)

Sample No
Metal Cone, ug/g

Pb Cd Zn

Rotary Cored

R-l

Pb

5000
5100
5500
5200
4900
4500
4300
4600

De_pjth_

3 ft
6
Q
12
15
13
21
24 - Eotton on ta.lings

JR-2 16600
1210C
10400
10500

3 ft
6
9
12 - Bottom of tailings



TABLE 3
ROTARY CORE SAMPLING OF LEADWOOD TAILINGS DEPOSIT

INDUCTIVE COUPLED ARGON PLASMA ANALYSIS (ICAP) FOR SITE R-l BY DEPTH
(UNITS ARE MICROGRAMS/GRAM)

EKmcnt 3 ft 6 ft 9 Tt <. -. 15 f 18 ft
Ag
Al

As

B

Ba

Be
Ca

Cd

Co

Cr
Cu

Fc

LI

"B
Hn

Ho

Nl

P

Sb

Se

Si
So

Sr

Tl
V

7n

*0
830

a
5
11

0 89
190.000
250
27
6 8
15
19.000
2

100.000
3AOO
20
16

190
9
10
180
<2
50
<0 3
A

13 000

20
820

9
6

3 A
1 0
190.000
270
32

A 3
12
19.000
1
100.000
3AOO
20
18

200

8
10
3AO
<2
52
<0 3
4

1A.OOO

17 «Si
1200

9
10

7 0
1 1
180,000

180
37
10
12
20,000
2
99.000
3.00

20

18

210

9
20
160

<2
50

<0 3
(,

WOO

21 ^

720

7

6

6 7
0 96
180.000
170
37
18
1A
20 000
1
100.000
3500
30

23
210

9
AO

250

<2
50

<0 3
/

9600

15
520

5
6
A 9
0 83
190 000
160
35
20
15
20,000
1
100.000
3500

30
16
210
10

30
210
<2
50

<0 3
4

8/.00

8
A90

5
5
3 6
0 83
190.000
130
32
22
11
21.000
1
100.000
3600
30
18
200

10
30
160
<2
51
<0 3
6

7300

21 ft
9,«
760

6

5
A 0

1 0
190,000
120
33
25
13
21 000
1
100,000
3600
30

23
190

9
30
100
<2
50
<0 3
4
6600

24 ft
10
7AO
6

3
3 A
0 9
190,000
120
30
41

10
20,000
2

100 000

3500

20

16

190

9

20
no
<2

51
<0 3

3
6300
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TABLE 4
ROTARY CORE SAMPLING 01 LEADUOOD TAILINGS JCPQSIT

INDUCTIVE COUPLED ARGON PLASflA (ICAP) ANALYSIS FOR SITE R-2 Bf DEPTH
(UNITS ARE MICROGRAMS/GRAM)

Elencnc.

Ag
Al

As

B
Ba

Be
Ca
Cd
Co
Cr
Cu
Fc

Li

MS
Mn
Mo

M

P

Sb
Se
Si
Sn

Sr
Tl
V

Zn

3 ft
23
1800
10
10.
7 3
1 1
160,000
350
53
6 8
15
20 000
3
90 000
3300
20
25
240

9
10
96
<2
46
<0 3
6

19 000

6 ft
30
1000
10
8
6 0
1 0
170 000

450
74
11
15
20,000
2
90,000
3200
30
37
230
7
20

470
<2

45
<0 3

5
23 000

9 ft
27
1100
10

3
7 3
1 0
170 000

430
86
16
17
21,000
2
90 000
3300
30
SO
240
4

10
130
<2

45
<0 3

5
23,000

12 ft
24
760
10
<2
8 1
0 66
150 000
420
130
54
22
21 000
1
82 COO
3000
30
67
270

<3
10

220

<2

41

<0 3
4

23 000
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The rotarv core samples were taken in the ?r?a where prior

sampling had indicated that the chat contained elevated levels

of metals and probably represented the oldest part of the deposit

The P-l site was cored to the bedrock at the bottom of the pile which

represented a depth of 24 feet Samples were *aken every three feet

and analyzed for a complete host of elements by the ICAP rrethod

Lead at this location aid not sho*; an increase toward the bottom

of the hole but remained in the 4600 to 5000 ppm range The water

brought up in the coring samples was fresh and without any anaerobic

smell which leads one to postulate that the rainwater leachate is

moving away from the tailings pile to the drain at the northern edge

of the tailings area ICAP data also indicates that the roncentratlon
1

of other elements tends to rerrain fairly constant again indicating

a more rapid flow through of rainwater with no appreciable concen-

trations at the bottom of the chat deposits

The rotary core samples at site R-2 were started in a depression

some 12 feet lov-er than the R-l site and approximately 100 yards to

the south of the R-l site Lead concentrations at the surface tan

16,600 ppm and decreased to 10,500 ppm at the 12 foot depth or

bottom of the hole at dolomite bedrock Again the water brought up

with the samples did not contain any anaerobic odor and was of a

quality that could be attributed to rainfall The ICAP data for

the R-2 site did not exhibit any unusual increases or decreases in

the elements surveyed which seemed to further confirm the rapid

penettotion and subsurface flow of storm runoff water through the

tailings pile and into the drain for Eaton Creek branch
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B Bio River-Dosloge

The Big River-Desloge tailings pile is located on a turn of the

Big River approximately two miles downstream from Leadwood, Missouri

and east of the town of Desloge, Missouri During the past four

years, this tailings pile received much attention from the regulatory

agencies, researchers and the press due to a break in the elevated
pile allowing for the discharge of tailings into the Big River along

the eastern slope
The Kansas City Times headline aiticle of March 28, 1981

carried a banner headline saying 'Old Mines Leave a Legacy of Danger"

(13) which expressed concern about repairs to hald the runoff of lead

.The break has since been repaired but the unstability of the

tailings pile along the eastein slope and ^ordering the Big River

renains to be a problem

Figure 7 illustrates the sampling pattern employed in cnaracteru-

ing the Big River-Desloge tailings pile Table 5 gives a listing

for Pb, Cd and Zn concentrations found for the various sample sites
A total of 74 samples were taken to meet the statistical requirements

suggested by the Missouri Department of Natural Resources (14)

C National

The National tailings pile is situated in the northern portion

of Flat River, Missouri and is shaped like a large dome covering

approximately 1 3 square km (0 5 square miles) in area Storm water

runoff from the tailings area is discharged into Flat River creek
«

which flows some three miles before it discharges into the Big Piver
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FIGURE 7 LOCATION OF SAMPLING SITES (BIG RIVER-DESLOGE
TAILINGS PILE)



Tflni r c
fBIG RIVFR-nESLOGE TAILINGS

Sample
No

D900
0901
D902
0903
0904 ——
0905
0906
0907
D908
0909 —
0910
0911
0912
0913
0915 ——
0916
0917
0918
0919
nnif**

0921
0922
0923
0924
0925 ——
0926
D927
D928
0929
0930 ——
0931
0932
0933
0934
0935 ——
0936
0937
0938
0939
0940 ——
0941
0942
0943
D944
DQ AC ————

^-~ Metal
CPb^

1670
1540
1420
1190

—— 1420 ———
2590
3840
3560
970

—— 1250 ———
1800
1360
2310
4470

—— 1530 ————
826-
3140
102C
958

1570
997
835
896

—— 1310 ———
1080
983
877
964
1380 ———
1010
1150
951
1620

—— 5530 ———
1570
1400
1330
1140

1120
1410
4320
1800
1710 ———

Cone ug/g

ccd^ C
37 8
38 9
27 4
11 7

30 2
34 9
26 5
6 8-

— 15 6 ———
15 7
25
40 0
18 3nn ......
15 7
31 7
17 4
21 4

—— 29 9 ———
8 0
7 0
8 0
7 5
9 0 ,...,

13
11 8
16 5
13 8

—— 15 0 ———
18 5
21 5
11 6
20 5

—— 46 9 ———
24 2
8 7
19 8
21 5

—— 19 2 ———
9 2
15 4
68 2
15 8

—— 21 1 ———

PTl'O

— ̂K
Zn J

1670
1700
1150
330
2380
1320
1750
1380
875

- 950
1040
1080
1890
821

» eon
531
1440
637
798

-1380
511
A06
373
437

-373
297
354
518
373

— 5ft9
698
816
233-
840

-404
933
525
733
783

•1380
558
715
3580
1210

-ingn
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TABLE 5 (Cont)
RTR RTVFR-nrSI OEF T A T I T N G S PILE

Sample
No
D946
D947
0948
0949
0950 ——
0951
0952
0953
0954
0955 ——
0956
0957
0958
0960
0961 ——
0962
0963
0964
0965
0967 ——
0968
0969
0970
0971
0972 ———
0973
0974
0975
097,6

Metal
Pb
3190
933
1440
2380
1730
1540
1490
1070
4710

—— 2780 ———
5360
6200
2910
1880

—— 1830
1950
1410
2180
2130

2310
1810
3610
5822

—— 2240 ———
4070
2110
3130
2690

Cone, ug/g
Cd
17 5
12 0
13 5
18 1

—— 15 9 ——
55 9
7 7
24 S
31 4

—— 30 7 ——
28 8
37 3
37 1
35 8
39 4
38 9
32 9
45 6
43 8

37 9
25 6
38 2
46 2

——— it n
CC J

44 5
33 6
51 6
78 6-

Zn

1350
344
439
644
sen
519
560
1030
1510

—1570
1330
1720
1680
3990-

— 3080
2910
1970
2500
1780
1 T^ft

1870
1100
1850
2250

— 994
2090
1560
2410
3970
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An extensive study was earned out on the National tailings pile

for this project and resulted in a thesis entitled "Impact of Tailings
frotj.Abandoned Lead Mines on the Water Quality and Sediments of Flat

River Creek and Big River in Southeastern Missouri" by Mr Larry £

Elliott (15)

Figure 8 indicates the location of the sampling sites on the

National tailings pile used for this study A total of ninety three

samples of tailings material was collected and analyzed for lead,

zinc, cadmium, and copper seventy eight from the main oile, eight

and seven from the erosion areas on the north and east sides, respectively

as shown in Table 6 Table 7 provides a statistical analysis of the

meta^I concentrations in each or the three areas

Samples from the main pile were found to contain lead concentra-

tions ranging from a low of 1640 ppm to a high of 9283 ppm, with values

well distributed between these two extremes Although samples taken

in close proximity to one another often reflected similar concentrations

withjrespect to the wide range of values encountered, no definite
pattern seemed evident The concentrations of lead appeared to be

randomly dispersed from both the top to the bottom as well as around

the perimeter of the pile This random behavior was displayed by all
four of the metals studied

Zinc was found in concentrations generally ranging rrom 87 ppm

to 978 ppm, with the exception of three samples which were found to

be much higher Two of these were just under 2000 ppm while the
*

third, collected from the northwest side of the pile contained 5055

ppm of zinc



NORTH EROSION AREA

EAST EROSION AREA

SCALE 14000
NATIONAL
TAILINGS PILE

•40 C M.P PIPE WITH COOLING
WATER DISCHARGE FROM
CLASS FACTORY

FIGURE 8 LOCATION OF SAMPLING SITES AT THE NATIONAL TAILINGS PILE (15)
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TABLE 6
..ATIONAL TAILINGS PILE (15)

Sample
Mumbc r

1

2

J

4

5 ———

6

7

8

9

iO ——

1 1

12

1 1

tu

15 ——

16

17

18

iy
20 ——

J l
22

JJ

Pb

5261

4225

1815

1959

** o •» •»——— 2377 —

4780

4822

1822

2585
^ ̂  / o

4044

2581

4566

3881

2579

3880

239f»

3166

1 '« J* /

)242

47f,2

2570

letals
/n

518

305

240

108

— 95 ——

J3J

289

87

90
1 c n

496

432

r>28

703

—— 1.65

156

471

174

112

9 j j

'th9

621

188

ppm
Cd

7

6

5

4

—— 3 ——

3

3

3

3

—— 5 ——

S

7

8

9

— 12 ——

4

6

5

6

1 3

7

y
4

Cu

133

122

65

9rj

—— °2

90

1 0

Mlf

1J1

—— M

24a

264

ISJ

176

—— 95

6*

67

165

358

197

-02

J54

227
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TABLE 6 (fort )
NATIONAL TAILinrS P'LZ (15)

Sample
Nunbcr

J4

25

Jh

27

28

29

JO ————

Jl

JJ

33

34

35 ———

36

37

38

39

40 __ __

41

42

i *

.6

4S — __

Pb

2318

—— 2413 ~

2205

1678

-4461

J504

/.5.>a —

5J^I

2292

2189

1984

— J007 ——

1254

7101

3519

11 >4

— JHI/i _

J6I9

ft //i 6

776(.

9.SJ

- 2951 _

Motalb ppm
7n Cd

?07 3

— 7_>2 - j i < _

475 7

4">4 7

510 *

436 5

5/i 7 fi

Wl h

245 /,

MJ 2

J36 6

l ( '7 r j 29

40) 6

254 3

— -' '/—- ___ ^ ——

IOJ 4

I 9 > 5 30

if) » i s?

dlb 10

— »l J —— - 5 - _

Cu

106

—— 63

99

154

' 7

22°

— "P

/, ' »

nOI

91

628

—— 215

J->7

308

330

196

_ 109

162

JOO

HI

182

— . 282
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7APLC C (Cont )
NATIOHAI ratlins PiL. (15)

Sairple
Number

46

*7

AS

49

50 ————

51

52

53

54

55 ————

56

57

53

59

60 ————

61

62

63

64

65 —— -- —

66

67

68

Pb

5141

3512

4853

2283

- *9«8 —

2635

3186

2203

2157

- 5333 —

2063

5060

5519

2380

— TOfcU.i/OO ——

2093

/. 1 n

>;v,

3)69

- 2240 —

200-

2%2

lH?n

Motals
Zn

439

V.3

183

95

— 460 ——

2S°

449

267

253

- 197 ——

112

40H

587

176

Q7H

232

'71

170

J8r>

~ 329 ——

_22

J02

«8

ppm
Cd

(,

)

4

3

5

6

6

5

—— 6 -

j

fi

7

4

12

4

5

5

6

>

•>

3

Cd

105

1 0

237

67

— no
114

>!

.41

181

—— 90

dl

1 )5

1 16

1 Jl

142mm^ 1*4^

KM

<»5

107

110

— 101
"9

137

105
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TABL1 5 (ront )
NATIONAL TA U ,r,5 fit" (15)

Sample
Number

69

70 ———

71

72

73

74

75 ———

76

77

78

79

so ——
01

82

83

84

oe

86

87

88

89

*)0

91

Pb

4732

—— 6759 -

3274

3465

2U2°

>64b

—— -»1fc8 -

If 40

JU7

•h*)4

24/7

/1"> —

5494

1553

1177

3229

—— 2774 -

li b !

4641

5204

7991

O'M? _

7047

MrtnJ ppm
Zn Cd

493 7

— 609 ————— / —

321 '

211 4

387 6

277 M

*̂  *̂  /—— T ){, —————————— . —— ,

127 J

156 4

115 A

3«

— 10? —————— 11

3^ a
107 4

34 j

70 J

——— }0 ———————— /, ——

107 4

12'

129 /•

24 r> 1

, . IJr> .. . 6

192 5

Cu

129

—— 131

113

121

115

101

— — I l l

1 19

126

"1

«4

32

98

88

53

39

——— 36

99

Ml

286

64

i P •>

7Q
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i ABLE 6 (Cont )
NATIONAL TAILINGS PILE (15)

Sample
lumDpr

92

93

Pb

8818

6315

Motals
7 n

1170

72

ppm
Ld

1'J

J

Cu

W)

131
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TABLE 7
STATISTICAL ANALYSIS OF HEAVY METALS
IN THE NATIONAL TAILINGS PILE (14)

Note All Values in ppm

lead

M A W J A I l I M S P J U

U in JS08

Stund ird IK v i ait n 1516

95% Ton! idcnte
I n t t r v n l 3172' i 1S44

»ORFh PROS ION AIM A

Mean 2510

SI tiul n (1 IK v it ion 1 32 S

/ tnc Cidmium

457 7 2

f > l j 10 1

'1'4 i ' j d2 ' 5 i 10 J

112 A 9

IP 2 i)

Copper

IB3

12/4

102'lJ .."O

h i

> 7

95/ Cunt idc.ni.e
I n t c r x a l

! \SI 1 K O b U M \K1 A

1L HI

Stand i rd D i v i i t i o n

95/ ( u n f i d c n i i
In t e rva l

1592 n J428 29 ' IK 190 1

295 6 <4

5 J

5S09<L<7979 2 L 5 U<10 3

I 'Jh

127

102<U<?90
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Cadmium was generally low in conrentrations compared to the other

three metals With the exception of sample number fourty-three,

containing eighth-seven ppm all the samples contained concentrations

of tHree to thirty ppm, inclusive Sample number fourty-three ex-

hibited the highest value of zinc, and contained nearly SOOO ppm of

lead This sample was also adjacent to the tailings sample showing

the highest lead concentration

Copper concentrations ranged from 51 ppm to a high of 620 ppm

with the samples being well distributed throughout these limits Of

the four Tietals, copper seemed to be the nost random in distribution,

with samples in ̂ ose proximity even differing greatly from one

another

Although no cefimte pattern was observed for the distribution of
the metals throughout the pile, a sample abundant in one metal tended

to have high concentrations of the others, with the exception of

copper For example, tailings materials rich in lead would 1 kely

be rjch in zinc and cadmium

The north erosion area displayed lower average concentrations for

all four metals when compared with the main pile and the east erosion

area A lead pattern of dispersion not apparent for the main pile

were evidenced in this area Samples on the west and southwest edge

of this area were nighest in lead, followed by steadily decreasing

concentrations as the sample sites progressed eastward

Even though the highest value for zinc (398 ppm) and lead was

shared by the Sarre sample, the pattern of dispersion found for lead

did rot occur with zinc, cadmium, or copper Zinc was found almost

exclusively to fall within the interval of 34 ppm low to 107 ppm high
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The values for cadmium ranged from ? to 11 ppm, while copper ranged

from 32 ppm to 99 ppm

Unlike material from the main pile, samples in the north erosion

area that were rich in one metal did not generally correspond to high

concentrations in any of the other three metals

The east erosion area contained the highest overage concentrations

for lead and copper and demonstrated a pattern of dispersion for lead,

while zinc, cadmium, anJ copper failed to exhibit a recognizable

pattern
Lead, up to a high value of S818 ppm on the southern portion of

the erosion area, and a low of 46nl ppm on the northern portion, tended

to increase in concentration as the sample points progressed southward

The sample points going from east to west, however, differed only

slightly n their respective concentrations of lead

Hand ougered samples to a depth of 0 feet were made by the U S
Bureau of Mines team for the north and east erosion area Samples

number BM-1, BM-2 and BM-4 were made in the tailings runoff ai ea

affected by storm water that ultimately drain into Flat River Creek
to the east of the deposit Augered samples were also taken in the

vicinity of samples number 82, 89 and SO in the erosion areas

Rotary core samples were taken to the bottom of the tailings

piles at locations R-3, R-4 and R-5 All of these locations are noted
in Figure 8 Table 3 indicates the augar and core sanples by depth

with concentraions of Pb, Cd and Zn Table 9 gives the ICAP data for

elements round at different depths for ^e R-3 and R-4 coring ntes

Table 10 gives the rotary core iCAP analysis for site R-5 down to the clay

layer underlying the pile at a depth of approximately eleven f-eet
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TABLE 8
AUGER AND CORE SAMPLES ON NATIONAL

TAILINGS PILE (Courtesy of Bureau of Mines)

Sample No Pb
Metal Cone, ug/g

Cd Zn

Hand Augered
BM-1
BM-1
BM-1
BM-2
BM-2
BM-2
BM-3
BM-3
BM-3

•89
89
90
82
82
82
82
82
Rotary
R-3
R-3
R-4
R-4
R-5
R-5
R-5
R-5
R-5

Surface
2 ft
4 ft
Surface
2 ft
4 ft
Surface
2 ft
4 ft
2 ft
4 ft
Surface
2 ft
4 ft
6 ft
8 ft
Gully Side

Cored
3 ft
5 ft
2-5 ft clay
3 ft chat
3 ft
6 ft
9 ft
10 ft
11 ft bottom clay

1100
4100
4600
4700
3800
2000
2/00
1900
1500
zuoo
3400
moo
2100
1100
1200
1200
760

7400
1400
6400
10200
9700
7100
8600
8300
820

40
20
30
30
30
40
4Q
40
40
01.0
01 4
2
1
5
3
1
1

45
15
Zb
72
76
120
80
88
220

700
300
400
400
300
300
300
200
200
7b
74
78
Zb
270
150
40
42

2700
1200
izotf
3400
3/00
6300
4100
5000
330
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TABLE 9
ROTARY CORE CAMPLING OF NATIONAL TAILINGS

DEPOSIT INDUCTIVE COUPLED ARGON PLASflA ANALYSIS
(ICAP) FOR SITES R-? AND R-4 BY DEPTH

(UNITS ARE MICROGRAMS/GRAM)

R-3 R-4

Element

Ag
Al

As
B
Ba
Be
Ca
Cd
Co

Cr
Cu
Fe
Li

MB
Mn
Mo
Ni

P

Sb
Se
Si
Sn
Sr
Ti
V
Zn

3 ft
9
3500
<2
6
29
1 2
140,000
45
150
9 5
58
34,000
4

69,000
3800
40
97
260

<3
50
180
<2

32
20
10
2700

5 ft

4
16,000
<8
<8
104
0 73
31,000
15
30
26
45
30,000
8
16,000
2300
<8
31
320

<17
<17

410
<8

12
180
39
1200

2 5 ft
8
1300
8
3
8 1
1 5
170,000
72
180
3 9
96
41,000
2
64,000
4600
50
150
270
<3
30

86
<2

37
<0 3

5
3^00

3 ft
7
8000
<2
7
66
0 92
130,000
26
61
10
29
29,000
7
70,000
3400
40
56
280
<3
30
450
<2
35
54
18
1200
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TABLE 10
ROTARY CORE SAMPLING OF NATIONAL TAILINGS DEPOSIT
INDUCTIVE COUPLED ARGON PLASMA (ICAP) ANALYSIS FOR

SITE R-5 BY DEPTH
(UNITS ARE MICROGRAMS/GRAM)

Elemtfnc

Ag
Al

As
B
Ba

Be
Ca
Cd
Co
Cr
Cu
Fe
Li
MS
Mn
Ho
Hi
P
Sb

^Se
Si

Sn
Sr
7i
V
Zn

3 ft

10
1100
6
20
4 5
1 5
180,000
76
78
3 2
130
39,000
2
90,000
4700
50
67
280
<3

30
130
<2
40
<0 3
4

3700

6 ft

10

1100
6
<2
5 9
I 4
170,000
120
76

7 0
72

31,000
2
86 000
4300
40
49
360
<3

30
220
<2
40
<0 3
4

6300

9 ft

8
1500
9
10
7 2
1 5
170,000
80

93
14
99
35,000
3
85,000
4400
50
72
340
<3
40
130
<2
<0 03
<0 3
5
4100

10 ft

8
1800
20

7
13
1 2
160,000
88
100
22
83
34,000
2

81 000
4200

40
77

370
<3

30
130
<2

38
2

7
5000

BOTTOM
CLAY
11 ft

0 7
4200
20
3
19
0 2
98 000
220
4 8
6
6 8
6400

3
57 000
550
<2
6 0
90
<3
<3
170
<2

30
32
11
330
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The samples BM-1, BM-2 and EM-4 in the drainage pattern reflect

the tailings transport from *he north erosion area and part of the main

dome-like structure of the main pile The lower lead values shown

for the two erosion areas reflect the slime poo) discharges that had

more of the lead removed during processing

The rotary core samples were made along the edge of the older

chat material at the western side of the main tailings pile It was

known that the chat material in this area averaged around 3000 to

10,000 ppm lead and we wanted to determine what the depth of the chat

materials was in this area The deposit turned out to be thinner than

thought in most areas (3-5 feet deep) where people had been hauling

the chat oway for road material or use oS agricultural limestone The

clay layer underlying the deposit had low lead and zinc values but

increased cadmium levels (up to 220 ppm) \hich were significantly

higher than concentrations normally found in the tailings, chat or

slime line materials

Water brought up with the core samples did not exhibit an anaerobic

or methane odor again suggesting that rainwater percolates tnrough

the chat and tailings materials and then moves horizontally along

the top of the clay materials and drains into Flat River Creek

D Elvins

The Elvins tailings pile borders northern Elvins, Missouri and

covers a land area of approxiamtely 0 6 square km (0 25 square miles)

Two shallow lakes are found on the southwestern edge of the tailings

pile and seepage from the base of the deposit passes through these
•

shallow lakes and then flows into Flat River Creek These waters



contain high levels of dissolved calcium, magnesium, zinc and lead

which have an irrpact on the sediments and biota of Flat River Creek

The Elvins tailings pile was studied in 1976 by Kramer (16)

and the growth of algae in the zinc rich wastes and seepage water has

been reported by Whltton, e_t al_ (17^ Presently a small aspnalt

paving plant operates on the southern perimeter of the tailings pile

with the tailings being used as a finer sized aggregate sourre

Figure 9 illustrates the location of 91 sampling sites on the

Elvins tailing pile Table 11 gives the metal concentrations of ?b,

Cd and Zn found at the sampling locations

E Bonne Terre

The Bonne Terre tailing deposits consist of two different areas

and configurations A large chat and tailings dome is situated on

the east side of Bonne Terre, Missouri and covers an area of approx-

imately 50 acres of land The second area is located about 1/2 rile

to the west of the chat hill just across Missouri Highway 67 and is

a mostly dried-up failings pond covering about 272 acres

Figure 10 gives the location of sampling sites on the Bonne Terre

tailings pile which is shaped like a small hill overlooMng a golf

course Table 12 lists the metal concentrations found for Pb, Cd

and Zinc at the tailings pile
Figure 11 shows the location of sampling sites on the flat tailings

deposits of the Bonne Terre east deposit which still uas water confined

at one end Table 13 gives the metal concentrations ^ound for Pb,

Cd and Zn at the recorded sampling locations

F Statistical Analysis of Different Tailings Piles

Heavy metal data fron the characterization of the different

tailings and cnat piles studied were statistically evaluated for



FIGURE 9 LOCATION OF SAMPLING SITES ON ELVINS TAILINGS PILE
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TABLC -
ELVINS TAILINGS PILE

Sanrple
No

E200
E201
E202
E203
£204 ——
E205
E206
£207
E208
E210
E211
E212
E213
E214
E215
E216
E217
E218
E219
E220 ——
E221
E222
E223
E224
E225 ——
E226
E227
£228
E229
E230
£231
E232
£233
E234
£235 ——
£236
E237
£238
£239
£240
E241B
£242
£245
£246
£247- ——
£248
£249

Metal
Pb

5990
6420
7950
5130

—— 4460 ———
4200
4400
3570
3650
5180 ———
4190
6000
4630
5450

—— 6780 ———
6960
5240
4980
7500

—— 4760 ————
6820
5500
5990
4470

—— 5270 ———
4010
1880
3680
5180

—— 4550 ————
4300
3880
3170
2780

—— 3630 ———
3180
1300
8140
8360

—— 6200 ————
8000
9600

11100
5640

—— 7080 ————
3780
4600

Cone ug/g
Cd

190
180
202
199

-165 ————
156
168
140
152

-171 ————
17Q
153
160
155

-156 ————
172
120
114
106

163
110
114
70 8

— - i i.,
92 9
51 5
84 6
132
1 U «>

189
138
151
126

-112 ————
92 5
79 6
106
135

— 84 0 ———
95 0
157
91 8
161

-159 ————
144
129

Zn

6100
11200
11200
10600

-9210
8620
9510
8210
8180

-11800
11400
9600
9630
8610

-8080
9260
6870
6000
5600

-10500
11400
6400
6100
4350

-8590
5320
1290
5150
6480

-6540
11900
8820
2040
6510

-6090
4560
4470
1760
9280

-4290
1300
10900
4950
9680

-8360
7870
6990
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TABLE - 11 (Cont )
ELV1 US TAILI GS PILE

Sample
No

E250
E251
E252
E253
E254 ——
E255
E255
E257
E25S
E259 ——
E260
E261
E262
E263
E264 ——
E265
E266
E267
E268
rocn ,. ._Llu? ~
E270
E271
E272
E273
E274
E275
E276
£277
E278
E279 ——
E280
E290
E291
E292
E293 ——
E294
E295
E296
E297
F^no . _.
E299
£300
E301
£302
£303
£304

Metal
Pb

6410
6190
4850
4050

—— 4440 ———
1700
2750
1350
1170

—— 2180 ———
2750
1060
1400
1270

—— 1120 ———
1620
4230
1060
1050

——— 991 ———
851

1100
4190
8890

—— 4890 ———
7160
9310
9260
10000

—— 11600 ———
7200
4020
2750
2890

—— 1080 ———
2940
2190
2230

——— 1890 ———
3̂ 0
2270
2080
1780

——— 1650 ———
1900

Cone, ug/g
Cd

138
114
127
118

-115 ————
51 3
52 8
48 3
45 0
'id A

69 8
61 4
110
74 8

— 72 2 ——
75 5
119
74 7
74 8

__. r,n i --
57 9
74 7
82 3
85 0

,„_ c-j n••••— oj j
100
19 8
31 5
134

— 163 ———
94 4
62 9
56 1
50 2
41 7
67 6
75 8
99 1
59 3

— 48 4 ——
61 7
47 3
54 4
42 2

— 44 9 ——
42 6

^n

2040
6290
7020
6340

-5360
2480
2210
2290
2190

-2440
3300
2170
5500
3570

-3230
3770
1440
3620
3660

-2140
2600
2650
4240
4250_ 3?onUt» w U

4810
792

1950
8510

-10900
5960
3510
3000
2330

— 2450
3380
3980
5820
3600

— 2610
3210
2360
2230
1990

— 2120
108
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TABLE - 12
BONNE TERRE TAILINGS

Sample
No
BT400
BT401
BT402
BT403

BT405
BT406
BT407
BT408
D i tu y
BT410
BT411
BT412
BT413
BT414 ——
BT415
BT415
BT417
BT418RT/no __.-
BT420
BT421
BT422
BT423
nrfipA ._, „
BT425
BT426
BT427
BT428
nTd?Q -— -
BT430
BT431
BT432
BT433
BT434 ——
BT435
BT436
BT437
BT438
RTdlQ0 1 H JJ
BT440
BT441

Metal
Pb
5330
5020
1300
2020
2280
3540
3070
1890
1540
3230
3590
4120
4450
3140
4350
2540
3040
1630
1840
1760
1480
3080
2050
1940
2190 ———
2380
2390
1580
1860
1340
4720
2650
3200
3200
7010
6670
5820
5210
4290

—— 6730 ———
6840
5800

Cone, ug/g
Cd
9 7
5 4
10 2
9 9

-11 7 ———
11 9
12 1
17 6
12 3

-14 9 ————
13 9
13 4
17 7
14 4

-12 0 ————
16 1
16 4
9 6
13 7

-10 0 ————
3 0
5 5
13 3
13 0

-13 5 ————
15 1
17 2
15 1
14 2

-13 9 ————
29 5
7 0
15 2
15 8
8 1 , .
15 3
10 9
18 1
11 5

-13 6 ————
12 8
16 0

Zn
469
273
309
430

-451
689
718
650
587

-501
51 3
671
757
722

— 309
757
648
486
597

-641
150
194
434
479
*oo
573
622
553
686

-661
786
150
705
650

-426
477
361
559
573

-755
618
180



51

TABLE - 12
BONNE TERRE TAILINGS PILE

Sample
No

BT444
BT445
BT446
BT447
BT448 ——
BT449
BT450
BT451
BT452
RTART

Metal
Pb
3280
4530 /
4220
5030
cnon

5190
3390
3540
2791
6230

Cone, ug/g
Cd
15 1
13 6
17 4
19 2

-22 5 ———
28 8
22 4
22 0
15 7

-10 4

Zn

511
444
697
746

_ Qfi7~ SO/
623
922
878
563

-f*q

i.
1
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TABLE 13
BONNE TERRF TAILINGS FLAT

Sample No

BT455
BT456
BT457
BT45B
BT459 ———————
BT460
BT461
BT462
BT463
BT464 ———————
BT465
BT466
BT467
BT468
BT469 ———————
BT470
BT471
BT472
BT473
BT474 ————————
BT475
BT476
BT477
BT478
BT479 ———————
BT480
BT481
BT482
BT483
BT484 ———————
BT485
BT486
BT487
BT488
u\ *4oy
BT490

Metal
Pb

1232
3020
6650
1810
1600
1920
1170
1610
989

————— 1560
1550
2310
1540
3450

————— 1620 ——
1860
1520
2710
1170

————— 660 ——
1440
2610
1320
1900

————— 1760 ———
1290
1480
1780
1820

————— 1400 ———
2840
7610
1590
1020

———— 1950 ———
1120

Cone, ug/g
Cd

5 9
10 2
10 5
5 99n
12 3
9 3
10 0
8 4
7 T
11 2
12 0
10 8
10 4

- 9 5 ———
6 0
4 5
6 3
3 6
7 0
4 7
4 9
6 0
13 2
9 Qo ———
13 8
15 1
13 3
5 6

- 6 7 ———
10 0
20 9
6 7
6 4
8 11 ———
5 2

Zn

173
361
312
385

. 354
491
312
234
185

. 205
244
380
366
2*3

. 255
157
87 2
222
99 5

- 151
156
330
165
337

• 273
524
543
321
618

• 171
1470
698
152
115

• 321
170
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differences in Pb, Cd and Zn Table 14 shows the results of this

evaluation The chat and tailings piles may be segregated by metal

composition and this information could be most useful in considering

stabflization, use as dgncultural limestone or for road material,

or for possible contributions to sediments of the Big River througn

stormwater runoff

The east erosion area of the National tailings pile contained the

highest mean average of 6394 ppm Pb but a low Cd and Zn concentration

The Elvins pile contained the second highest mean lead values of

4392 ppm coupled with the highest zinc values of 5482 ppm

The Leadwood deposit contained the highest cadmium values of

267 ppm coupled with the second highest zinc values of 5009 ppm

It was of interest to note that the Big fliver-Desloge pile has the

lowest mean lead values of 2077 coupled with average cadmium and zinc

concentrations

These concentrations of metals may be compared with the values

found in tailings from the Viburnum Trend or New Lead Belt with an
average of 320 ppm lead, 8 ppm cadmium and 500 ppm zinc reflecting

the increased efficiency of the flotation process presently in use

by the mining industries•
These values help to explain, in part, the impact due to the

physical transport of tailings materials on Big River and Flat River

Creek These impacts had been studied by Zachritz (18) and others (12)

concerned with the concentrations and distribution of heavy netals in

the sediments of the Big River which have contributed to a problem

with lead in tissues of bottom feeding suckers (19)
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FATISTICAL ANALYSIS OF HEAVY f.ETALS
IN THE DIFFERENT TAILINGS PILES

LEAD>VOOD-»

Mean
Standard Deviation
951 Confidence Interval
Maximutr
Minimum

2444
4072

2455<u-3231
17000
597

Standard Deviation
952 Confidence interval
Max mum
Mm mum

NATIONAL

Mean *
Standard Deviation
95% Confidence Level

1) NORTH EROSION AREA

1294
1931 u<2224

6200
826

3508
1516

3172<u<3844

Mean 2510
Standard Deviation 1325

Confidence Interval 1592< u 3423

2) EAST EROSION AREA

Mean 6894
Standard Deviation 1464
95% Confidence Interval 5809<u<7979

267
394

223vu<299
1870

9 3

7 2
10 1

2 r u<10

4 9
2 8

3 0<u<6 3

6 4
5 3

2 5<u<10 3

5009
4894

25800
633

860
1129'u<1323

3990
233

457
613

94<u-562

112
112

ELVIHS

295
361

04<u<562

Mean
Standard Deviation
95% Confidence Interval
Maximum
Minimum

4392
2581

4130<u<4654
11600
351

103
47 1

98<u<108
202
19 8

5482
3179

516C-u<5S03
11900

108

BONNE TERRE

Mean
Standard Deviation
95i Confidence Interval
Max mum
Minimum

3515
1705

3285--u<3744
7010
1300

13 9
5 3

18 2 u<i4 6
29 5
3 0

541
211

512<u<569
967
51 3
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Elliott (15) and Wixson et, al_ (12) have noted that the tailings

materials tend to move downriver during storm events with the heavier

metal rich fraction tending to settle out first as the storm water

event decreases This accounts for pulses of metals that may be found

at different locations following periods of elevated rainfall and

rapid runoff into and down the Big River

Considering the amount of sediments found in the intestines of

bottom feeding suckers, the bioavailability of lead and other metals

in the sediments is rather small However, continued monitoring is

needed to make sure that lead levels in edible fish tissues do not

approach levels of concern to human health


